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Dixouxxion. 
The President. The PRESIDENT, in moving  a  vote of thanks  to  the  Author for his 

communication, remarked that  the  Paper  treated of a  subject 
which  was of great importance at  the present  day,  when the use 
of electrical  generating-plant  was  rapidly  extending,  and  was 
adding so much  to the comforts and conveniences of life. 

The Author. The AUTHOR mentioned that since writing  the  Paper he  had 
had  further measurements made with a  view  to  determine  the  wear 
of B high-speed  engine  after  several years' work. The results 
were  given in  the annexed  Table,  which  he  thought  was  even 
more interesting  than those given in  the Paper  (pp. 202-204), inas- 
much as it showed the  results of 5 years' working on an  engine 

TESTS OF A COXPOUND BOWED-LUBRIOATION ENGINE 

Cylinders  12 inches and 20 inches X 98 inches  stroke. 

At Maker's Works, June, 1896. 

- , Full Load. __- 
Ilange pressurc . . 154 
Chest ,, 
SteamtemperatureF. 377.5O 

. . 140 

Vacuum . Inches 254 
Revs. per  min. . . 1 364 

: : i 245.5 
218.4 

Efficiency Per  cent.  89 
Water per  B.HP.-hr. 19.4 

,, ,, I.HP.-hr. i 17 .3  

1 
p Load. 

154 
100 
268.13~ 

360 
162 
184.5 
87.7 

17.48 
19.9 

2% 

t Load. ~ +Load. ~ 

142 , 147 

372' 
62.75 ' 32 

361O 

359 ~ 359 
268  269 

107.7 53.8 
126.9 ~ 65.65 
84.8 ~ 

82 
21.3 ~ 22.9 
18.08 ' 18.7 

Friction. 

At Illaker's Works, April, 1902. 

- l Ful l  l Full ' Full Full 
~ Load. I Load. ~ Load. 1 Load. 

Range pressure . . ~ 

Chest ,, 
Steam  ternperatirek.! 
Vacuum . Inches 1 
Revs. per min. . . 
B.HP. . . . . ~ 

I.HP. . . . . , 

Water  per  B.HP.-hr. 
E5clency  Per cent. 

,, ,, 1.HP.-hr. 

141 l 

376' 
137 I 
27'8 

360 
218 
233.5 
93.5 
19.2 
17.95 

157 
138 
378' 
27.8 

360 
218 
230 
94.7 
19-2 
18'2 

156 

368O 
139 

360 
218 
231-5 

94.1 
19.4 
18.2! 

27.8 

.. 
{ii$ 
360 .. 

.. 

150 
138 
368O 

360 
218 
232 
94 
19.4 
18.2: 

27'8 

135 1 

382O i 98 1 

360 
27.8 

162 
174.1 
93 
19.1 
17.75, 

140 
97 

372O I 
27.8 , 

360 

173 1 162 

93.7 
19.5 1 
18.29, 

l 

150 
62 

3770 
27.8 

360 
108 
117 
92.2 
20.4 
18.8 
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Amount of Wear on Working Part8 after 54 Y6al.x’ Running. The Authbr. 

Main bearings . . . . . .  about 
I1.P. crank-pin . . . . . . . .  
LP. ,, ,, . . . . . . . .  
H.P. crosshead-pins . . . . . . .  
1J.P. .. ,, . . . . . . .  
Eccentric  sheave . . . . . . .  
H.P. piston-rod . . . . . . . .  
L.P. ,, ,) . . . . . . . .  
€LP. valve-rings . . . . . . . .  
LP. 1, I ,  . . . . . . .  

0’0025 
Inch. 

0.005 
0’000 
0.0035 
0.008 
0-008 
0’011 

Cylinders and valve-chest in  excellent condition,  wear being  practically 
negligible. 

which  had been tested  exactly  as i t  had stood at  the end 
of that time. During  its 5 years’ running  the  engine  had 
made more than 300 million  revolutions ; and it would  be seen 
that  although  the  actual water-consumption  per  indicated . 
horse-power-hour at   the end of that period  was  somewhat 
higher  than at  the beginning,  due to  the  wearing of the 
surfaces, the reduction in  friction  was so considerable that 
the  actual water-consumption  per brake horse-power-hour was 
even less than in  the first  instance. Mr. C.  Sulzer, and also 
several  other  engineers,  had  pointed  out to him,  since the issue 
of  proofs of the Paper, that increase of load  sometimes increased 
the friction and sometimes  decreased it, for two reasons. In 
a single-crank  engine, with over-hung  cranks, it was  generally 
found that  the friction  increased on account of the  strain;  but 
in  a  two-crank engine  as a rule  the  friction remained fairly 
constant, and  in  certain cases-although he confessed he  had  not 
found many  authentic cases-the friction  had  actually decreased 
with increase of  load. 

The Author  then  exhibited a  number of lantern-slidea  illustra- 
tive of various kinds of high-speed engines. 

Mr. R. W. ALLEN considered that it was difficult to  give  any Mr. Allen. 
new  and  interesting  information on the subject, as it had  pre- 
viously  been discussed somewhat  fully. Much of his  time  had 
been spent in  the design  and development of the high-speed 
engine,  and on first reading  the  Paper  he  had  thought  that it would 
have been  more valuable to  the  Institution  if  the  Author  had  dealt 
with more than one particular  kind of engine. He understood, 
however, that  the Author’s experience  had been limited  to the 
engine described, and  he  thought a good example  had been selected 
[THE IRST. C.E. VOL. CLI.] P 
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Mr. Allen. for the nucleus of the Paper. It was  interesting  to find that  his 
own  experience  was identical  with  the Author's in regard to 
details of  design. It might be  asked why  the high-speed engine 
had been so highly developed in  England:  he believed it was 
entirely a matter of fashion. By his  exhaustive  experiments, Mr. 
Willans  had proved,  some years ago, that engines could be built 
to  run  satisfactorily a t  high speeds ; and  in  the development of 
electric-lighting  engines  other  designers  had followed the resnlts 
of his investigations. So far  as high-speed  engines  were con- 
cerned, both  single-acting  and double-acting, i t  was  mechanical 
skill  and  the limit-gauge  and jig system of manufacture  which 
rendered it possible to  construct  such  engines with uniformity, 
and  to replace any  part  at  short notice, thus  rendering  them 
commercially successful. As the Author  rightly pointed  out, the 
speed of the engine  was now limited  by  the speed of the dynamo ; 
whereas  formerly the speed of the dynamo  had been ruled by 
that of the engine.  High-speed  engines  had made little or 
no progress on the  Continent  or  in  the  United States, and  he 
believed that was because neither  country  had produced an engine 
which  was  really satisfactory. Messrs. Sulzer on the Continent, 
and Messrs. Corliss in America, had devoted the whole of their 
attention  to  the low-speed engine. With  regard  to  adaptability 
as an advantage of the high-speed engine, for that form of engine 
it was  important to design an extremely  simple valve-gear. 
No form of Corliss, Meyer, or  other  intricate  gear  was  suitable for 
quick-running engines. He had seen a complicated automatic 
gear  tried, but  in  his opinion it was not satisfactory. With 
regard  to  the  question of vibration, he had  tried  the effect of 
balance-weights on a  three-crank  three-cylinder compound engine 
of 350 I.HP., running  at 450 revolutions  per  minute, by  fitting 
them so as  to  balance  the  crank  and  half  the connecting-rod ; 
but  he  had found by experiment that no benefit whatever 
accrued  therefrom. It was  important  that  the  sets of moving 
parts should be of equal  weight,  and that  they should 
be  accurately  weighed before putting them  into an engine. 
He feared that a  four-crank engine designed on the Schlick 
principle,  which  was  suggested by  the Author  as a means 
of preventing  vibration, would be so much more expensive 
that it would not  be a commercial  success. Lubrication 
was of great importance, i n  regard  to  both the  internal'  and 
the  external  parts of the  engine: too much attention could 
not  be  given  to  that subject, espeoially as  the use of super- 
heated  steam  was  likely  to become universal. For engines using 
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superheated  steam Messrs. W. H. Allen, Son & Co. had used, with Mr. Allon. 
success, a cylinder-oil having  a flashing-point of 650' F. He agreed 
with  the  Author's  remarks on the  question of governing. In some 
specifications he  had  seen  a  clause  requiring very close  apeed- 
regulation,  which he  did  not consider at  all desirable. Much 
more  reliable governing could be  attained  by  increasing  the 
speed-limit, and so preventing  any possibility of hunting.  With 
regard to efficiency, he  believed it was an undoubted  fact that 
the high-speed  double-acting  forced-lubrication  engine  was  the 
most efficient type of engine  yet  designed;  but  engineers in  
charge  should  be  careful  to  give  due  attention  to  filtering the 
oil for the crank-chambers. He  had  found a decrease in  the 
efficiency caused by  dust  from  the floor of the engine-room, and 
by  foreign particles getting  into  the  crank-chambers. Messrs. 
Allen  also  had  obtained in  their testing-department, on their own 
engines, the efficiencies mentioned in  the Paper,  which  were 
certainly  remarkable. It was important  that  the  brake horse- 
power of the high-speed  engine  should  be  measured ; and, in 
order t o  do this accurately, an  absorption  dynamometer  should  be 
used. He quite  agreed  with  the  Author, however, that  the steam- 
consumption  per  kilowatt-hour was the  only satisfactory  basis  for 
estimating  the commercial efficiency of combined  generating-sets. 
The absence of any  gain  from  internal  polishing of the surfaces of 
pistons,  cylinder-covers,  valves and cylinder-walls, or from the use 
of jackets,  was fully  borne  out  by  his own experience. With 
regard  to jackets, it might  be of interest to  mention  that, 
when  visiting  the  works of Messrs. Allis  and Co. at Milwaukee 
in 1900, he  had  enquired  about  the firm's  experience on that 
point, and  had  been  told  that it was  not their custom  to fit 
jackets on an  engine  which  ran a t  a  higher speed than 30 
revolutions  per  minute;  he  thought  that  opinion decided the 
jacket question. No doubt  a  marked  gain resulted  from the use of 
superheated  steam : but before fixing any definite  temperature it 
was  desirable  to  be  cautious  as  to the amount of superheating, 
otherwise  failure  might  result.  The  tests described in Table VII. 
(p. 193), showing the effect of superheat on leakage  past valves, 
were  exceedingly  interesting ; but  he  wished  to  warn  other 
engineers to determine  accurately  the dimensions of the  internal 
working  parts of the engine, before adopting  superheated 
steam. He had  found  that,  with  a  temperature of 550' F., a 
clearance of T$m inch  per  inch of diameter  must  be allowed on 
account of the  expansion  and distortion of the metal. He waa 
glad to see the  Author  had  drawn particular attention  to  the  safety 

P 2  
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>fr. Allcn. of the fly-wheel in  high-speed  engines. That point  should  not  be 
lost  sight of, as it was distinctly  in  favour of the high-speed 
engine,  bearing in mind  the  frequency of published  accounts of 
fearful consequences resulting from the  bursting of the fly-wheels 
of low-speed engines. With regard  to  condensing-plants in  the 
United  States, on reading  the  Paper  he  had  taken  the Author’s 
meaning  to  be that  they were  not in  use there for  high-speed 
engines : perhaps he had  read it wrongIy ; but, if not,  he  thought 
the  statement  was somewhat  misleading. The  remarks in  the 
Paper  with  regard  to  the speed  of air-pumps  for  marine work 
required  a little explanation. He  had been  on  board a good 
many steamships of the Navy, and of nearly  every  British  line, 
and he  had  never yet seen  air-pumps  running  at 400 revolutions 
per  minute.  Perhaps  torpedo-boat-destroyer  work  was  referred 
to ;  but  even if that were so, he  did  not  think the experience 
of torpedo-boat-destroyers  should  be classed as marine  engineering 
practice. He did  not  agree  with  the  Author that  it  was  desirable 
to  run  air-pumps  at speeds of 200 revolutions  to 230 revolu- 
tions  per  minute.  His experience  was that 160 revolutions 
for small  air-pumps, and 110 revolutions  per minute for large 
air-pumps,  should  not  be exceeded,  on account of the importance of 
insuring freedom from breakdown, and  as  little  overhauling  as 
possible. He saw serious objections to  fitting air-pumps  direct  on 
to  main  driving engines. He believed it would be a retrograde 
step,  would  add  a considerable amount of complication to  the 
generating-plant,  and would therefore  increase the  risks of 
working. Even in  such  comparatively low-speed engines  as  those 
fitted in  the Navy, the Admiralty, in  their  latest specifications, 
had  adopted  separately-driven  air-pumps. He would like to  ask 
whether  the  Author  had compared steam-consumption tests of tha 
triple-expansion  engine with  the compound;  and, if so, whether 
the compound engine  had been  of the six-cylinder  or  the  three- 
cylinder  type. With regard  to  the question of commercial value, 
Table XV. showed only a single  instance in which a low-speed 
engine appeared to be more favourable than a  high-speed  engine. 
Due allowance  being  made for other considerations and for 
conditions of working, everything depended upon the load-factor, 
as  was  clearly  shown  by the diagrams. 

Mr. ~:enreII. Mr. W. REAVELL remarked  that, while the  results recorded for 
the  Reavell  engine in Table I. A. were good for it two-stage 
expansion  engine, he would like  to mention that  they  had been 
obtained for the Author, with a  non-condensing  engine,  about 
18 months ago, for the purpose of the  Paper;  and therefore 
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were not  the  best  results  which could be  obtained from the blr. B m e l l .  
Reavell  engine, when  arranged for working condensing. I n  
the accompanying Table  the first  four  engines  were  shown 
because they were of the same size as  that  originally tested 
for  the Author,  namely, about 150 B.HP., and were  worked 
a t  pressures varying between 150 lbs. and 125 lbs. per  square 
inch : No. 6 was the  engine referred to  in  Table I. A. of the  Paper 

! i I  l 
! l Press 

Stea 

KO. , Type. , B.HP. Lbs l %l;! 

Two-crank 
Do. 

m- I 

Three-crank 

Two-crank 

Do. 

Double-acting 
compound engin 

i 125 1 125 ~ 84.5 

~ 150 145 1 86.25 
I I  l 

Double-acting 

. -  

:onsumption. 
' Steam- 
' 

Lbs. per Itrmnrks. 
KiloNvatl- 

--- Hour. 1 

I 

{ Quoted in 
Paper, Table I. A. 

28.0 

24.8 

Estimated from 
Paper, assum- 
ing 92 per 

efficiency of 
cent.  as the 

the dynamo. 

(p. 178). He considered that  the figures in  the above Table 
established his  claim  that  the Reavell  condensing  engine  gave 
better  results  than those given in the  Paper for an engine of that 
kind worked non-condensing. The steam-consumption  of the 
Reavell  engine, with a  pressure of about 150 lbs. per  square  inch, 
was  therefore  approximately 25 lbs. per  kilowatt-hour, that figure 
representing  the  average  results obtained. He also wished to  point 
out  that,  unless  Table I. A. were  examined  carefully, it might  not 
be  noticed in  looking at  the steam-consumption per  kilowatt- 
hour-the only  figure  which  was of importance to  the  electrical 
engineer-that the first six  engines were triple-expansion  engines. 
The seventh  was a double-acting  high-speed  six-cylinder compound 
engine, for  which no steam-consumption per  kilowatt-hour  was 
given ; but  the steam-consumption  per  brake horse-power-hour 
was given;  and if the usual  dynamo efficiency of 92 per  cent. 
were assumed, the steam-consumption  per  kilowatt-hour might 
be obtained, IQ this w ~ y  he calculated that  the consumptioq 
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Mr. Reavell. would  be 28 lbs. per  kilowatt-hour,  with  a combined efficiency 
of 87-5  per cent., as  indicated in  the Table. In  that  particular 
instance,  therefore, a selected  double-acting  engine  had  a consider- 
ably  highor steam-oonsumption than  a  Reavell  engine ; although 
the steam-pressure of the seleoted engine  was  higher,  and  the 
brake horse-power was two-and-a-half times  as  large.  Again,  the 
double-acting  triple-expansion  engine  referreti  to in  the  sixth  line of 
Table I. A.,  of 300 B.HP., had  a steam-consumption of 24.8 lbs. 
per  kilowatt-hour ; and  the  consumption of the  Reavell compound 
engine,  as  shown in  the  Table on p. 213, was  approximately  the 
same, namely, 24.9 lbs., although  the  engine was  only  half  the size 
of that referred  to by  the  Author,  and worked a t  a  lower  pressure. 
The steam-consumption of the  engines referred  to above was  shown 
more clearly in  Fig. 16, where  the  improvement in consumption 

E Fig. 16. 

due to the rise in  pressure  was seen to follow practically a  straight 
line. The consumption of the double-acting  engine  referred to  in 
Table I. A. was seen to be inferior  to that of the Reavell  engine  which 
worked at  the same  pressure, but was less than  half  the size. The 
dotted  line showed the  consumptions to be expected at  a  pressure 
of 180 lbs. per square  inch,  which compared favourably  with the 
triple-expansion engines of considerably  larger size in Table I. A. 
At p. 173 the  Author said, “Although  the  results  obtained  at 
full load are  in favour of low speed, it will  be  noticed  that, 
contrary to  expectation, the high-speed  engine, in  spite of its 
throttle-governor,  more than  holds  its own at  the  lighter loads : 
which  is  a most important  point for working  under  a  variable 
load.” He wished  to put  in  a  claim on behalf of the single-acting 
engine,  which  was not referred to  in muoh detail in Table I. A. 
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The compound Reavell  engine in  the following  comparative  Table Mr. Reavell. 
was of the same  power as  that referred to by the Author, namely, 
430  B.HP. ; it had  a  steam-pressure of 145 lbs. per  square  inch,  as 
compared with 180 lbs. (Table I. A., fourth  line) ; and it was fitted 
with  automatic-expansion  governing  and was  not  throttle-governed. 
The steam-consumption a t  half  loadwith  the  Reavell  engine was just 
over 18 lbs. per  brake horse-power-hour ; while  the  triple-expansion 
engine  had  a steam-oonsumptionof 18.27 lbs. per  brake horse-power- 

Type. 

Reavell engine . 
Double act ing 

triple - expan- 
aion engine 
(from Paper,! 
Table I. A.) . 

- 
B.HP. 

430 

430 

I 

Pressure. 
Steam- I I Steam-Consumption in Lbs. 

Lbs. per I E%: X 100 
souare l I.HP. Per B.HP.-Hour. 1 

l 

.. _ _ _ ~ - .  

&ch. i --__ 
Load. Full 

145 .. 

180 88.75 

~ 

Load. 
Half Full fHalf Full Half 
Load. Load. Load. Load. 

80.8 26.7 .. 18.05 .. 
.. 1 15-25 j 18.27 j 22.47 1 .. .. 15-25  18.27  22.47 ! .. 1 / 1 1  

hour:  showing  again  that  the  consumption of the Reavell engine 
was  less than  that of the  ordinary  double-acting  engine of the same 
size. Without  enlarging on the  reasons  why  the  engine showed 
such  high economy, he  might  say  that  he  attributed it entirely 
to  the  high  degree of compression, which  greatly reduced cylinder- 
condensation ; and  the  high efficiency in  the  results  he  had shown 
was  due  to the fact that  the engine  had  few  working  parts,  and 
two  stages of expansion in  only one cylinder. 

references in  the  Paper to the Belliss  engine  were  due to  its designers 
having  had more  extensive  and  recent  experience  than others, in 
obtaining results, he could not say ; but  he assumed that  the  Author 
had afforded t o  other  engine-builders  the same opportunity of fur- 
nishing  data  as Messrs. Belliss and Morcom had had. With  regard 
to  the use of superheated  steam, in  any  statement of steam-consump- 
tion,  whether  per  indicated or per  brake horse-power-hour, the 
actual  temperature of the steam at  the engine stop-valve  ought  to 
be specified. In a 400-HP.  Belliss  engine, with  a  temperature a t  
the stop-valve of 559O F., 17.2 lbs. of steam  per  kilowatt-hour 
had  been recorded. That compared  favourably  with  the  marine 
engine referred to in  Table IX. D. (p. 200), which, with 1,030 I.HP., 
gave 17 * 6 lbs. per  kilowatt-hour, or 0 94 lb.  more, a t  475' 

Mr.  W. A. F. CRAWFORD observed that,  whether  the  numerous Mr. Cramford. 
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Mr. Cradord. Speaking  generally,  the  relative consumption of engines of the 
same type depended  upon the  relative  temperatures ; and, with 
adequate compression, clearance  had little effect : at  light loads, 
however, adequate compression  could not be  obtained. In the 
Table which  had been  placed  before the meeting  by  the  Author 
(p. 208), showing the effects of more than 5 years’ working, i t  was 
important  to note that  the steam-consumption  per  indicated 
horse-power-hour had  risen,  while the consumption  per  brake 
horse-power-hour had  decreased: that  result  was due solely to 
decreased friction on the bearings, and to slight leakage  past 
the piston-valves. The question of the relative  advantages of 
piston-valves and  flat valves  had been raised;  and  the  Table 
illustrated  the  advantages of piston-valves.  About 15 years ago 
he had  had  to  conduct  a trial on two gun-boats,  both of about 
1,250 HP., with triple-expansion engines. One had been fitted 
with flat  valves,  and the  other  with piston-valves, in  the low- 
pressure  cylinder. The  trial had been  made in  fine weather, 
and  under circumstances  which  had  rendered i t  fairly  certain  that 
the probable limit of error  did  not exceed 1 per  cent. The engine 
fitted  ,with  the  flat  valves  had developed about 1,260 LHP., a t  
196 revolutions  per minute ; while  the engine with piston-valves 
had developed about 13 I.HP. less, at 8 or 10 revolutions more 
per  minute. AS a large  indicated horse-power was an  important 
element in  the  running of gun-boat  engines, it had been thought 
that  the flat  valve  was  the  better of the  two ; but more careful 
investigation  had  shown that  the relative performance  of the  two 
boats  was 5 per  cent. better  with  the piston-valves than  with  the 
flat valves, due  to  the  higher efficiency of the engine. A calcula- 
tion, made on the assumption that  the coefficient  of friction  for  the 
flat  valve  was 0-2 ,  had  shown that  the power required  to  drive 
the  flat  valve  approximately accounted for the difference found 
in  the number of revolutions. 

Mr. Bocth. Mr. W. H. BOOTH remarked, in regard  to the question of 
vibration mentioned a t  p. 149, that  hardly sufficient attention had 
been  paid  to  keeping  cylinders near to each other. I n  one 
engine, the  high-pressure  cylinder  was placed above the low- 
pressure  cylinder, so that  the distance  between  the  centre-lines of 
the  two  cylinders was  less than  the  sum of their  radii. I n  that 
position the  cranks were quite close to each  other,  and  there  was 
very  little  vibration. As to the effect of limits of compression on 
the speed of a double-acting  engine, he  was  not  aware  that  the 
double-acting  engine  had yet  had its speed limited  to less than 
$bat sf the sip#e-aotjnE engine ; 60 that  gt all evsnts the amount 
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of compression obtainable with  the double-acting  engine  was suffi- &h. Booth. 
oient to allow its speed to be as  high  as  that of any other. He quite 
agreed with  the  Author  that  the objection to  the high-speed engine 
should not be  laid  to any difficulty of governing. So far  he  had  not 
found any  such difficulty. With regard  to close regulation  due 
to  the fly-wheel in  large engines, unless the fly-wheel altered  its 
speed it could not  act  as a regulator; the  very  fact  that it acted 
as a regulator  was  due  to  variation in  its speed. On the general 
question of governing,  he  thought the essential  feature of a 
governor  was that  when  the load of an engine  was  increased 
the reduction of speed should  not cause the governor to  admit 
so much  steam as would drive  the  engine  as  quickly  as it had been 
running before the alteration of load. I f  designers would bear 
that  in mind in  designing governors, they would  be  able to  obtain 
better  results than  they often did. Governors frequently  gave too 
much  alteration,  resulting in  hunting.  With  regard  to  parallel 
running,  electricians often  said that a stiff field and a  large  air- 
gap were  necessary  for parallel  running  with  alternators. He . 
was  inclined to  think  that engines  exactly  alike,  and  dynamos 
exactly  alike,  were  not  calculated to run in  parallel  quite so well 
from  a  mechanical  point of view  as a large  engine a t  a  low speed 
and a small  engine a t  a high speed ; and  that  as good, or  better, 
parallel  running, with less  resonance effect, was  obtained with 
different  engines. On p. 161 an efficiency of 96 .3  per  cent.  was 
mentioned. If   that  was  not a  misprint,  he  would  like  to  throw 
some doubt upon the figure : he  had  never been able to  get such 
an efficiency. Reference  was made (p. 164) to alteration of the 
position of the valves, and  to  the most  recent  type of valve- 
gear,  fitted in  the cylinder-cover. No doubt reduced clearance 
was  obtained  by  using  such  valves; but Corliss  had  not ob- 
tained  his economy by that means. Corliss had put  the steam- 
valves in  the  top corners (as they  might be  called with reference 
to  the elevation of the cylinder),  and the exhaust-valves in  the 
two lower corners. When  water  entered  the  cylinder  with  the 
steam it was  shot  straight across into  the exhaust-valves, and it 
was a t  once discharged  upon the  opening of the valve.  Nowa- 
days it was  thought  that by lifting  the valves in  the bottom 
corners, and  putting  them  into  the  end of the cylinder, the  engine 
would  be  improved and  the clearance would be  reduced; but in  
this  way  the  drainage of the cylinder,  which  did so much for 
Corliss  gear,  was entirely prevented. Corliss had  believed his 
beneficial results to be due  to  the  sharpness of his  cut-off;  but 
they were really due to gopi drainage : that   vas one of the reasons 

Downloaded by [] on [11/09/16]. Copyright © ICE Publishing, all rights reserved.



218 DISCUfiSION ON HIGH-SPEED  ELECTRICAL  PLANT. [Minutee of 

Mr. Booth. why  vertical engines were  not  nearly SO efficient as horizontal 
engines-they  were not drained. It was almost  impossible to  drain 
a high-speed vertical  engine  unless it was of the  type of the  Willans 
or the  Reavell  engine,  which  drained down at  the piston-surface : 
the effect of gravity  prevented  the  water from getting  out of the 
cylinder. As to steam-jackets, hardly more than one steam-jacket 
in a  hundred was well designed. It was far  better to  make the 
jacket  an  ante-room  to  the cylinders,  and to pass the  whole of 
the  working-steam  through  the  jacket,  than  to use the  ordinary 
jacket  and  attempt  to  drain it. If  the steam  was a t  150 lbs. 
pressure  per  square  inch,  and  the  air at  the same pressure, the  air 
would  weigh 86 lbs. and  the  steam 63 lbs. ; but,  though  the  air 
was  heavier  than  the  steam,  valves  were  frequently found at  the 
top of the  jacket for the purpose of letting  out  the  air,  whereas 
they could only  let  out steam. The  jacket  should  be fed with 
steam  from  a  different  boiler,  with  a  pressure 10 lbs. or 15 lbs. 
per  square  inch  higher;  and  the whole of the steam  which that 
boiler could generate  ought  to be  passed through a jacket, so that 
the pressure in  the  jacket would be kept  at 10 lbs. per  square  inch 
above the cylinder-pressure. There would then be a  certain 
gradient of temperature  which  would  tend  to  transfer  heat  into 
the cylinder,  and  would  render it more  efficient. A jacket of 
that  nature would always be thoroughly  swept  out ; there would 
be no water or air  in it ; and  there  would  be no places in  which 
cold water could accumulate. With reference to  the separation 
of the  air-pump from the  engine, it was  exceedingly  convenient 
to  work the  pump  separately;  but,  if it oould  be 'contrived, 
an  air-pump  should run  with  its own  engine. He did  not mean 
to  say  that  that was  necessarily better practice ; but it would 
be  well  if  engineers could be induced  to  insist on getting  a good 
vacuum. He found that electrical  engineers  had  especially  easy 
minds in  regard to the vacuum. In former days, in  the  textile dis- 
tricts it had  been  customary to look upon  anything less than 28 
inches of mercury as something  to  be deplored. Nowadays  he 
occasionally  went  into electrical  stations, and  found  about 20 inches, 
which  was  a  paltry vacuum. If  the vacuum  fell below that figure, 
the engineer  simply  put  the  air-pump on ; he  never  thought of 
tarring  the  exhaust-pipes,  or  putting  them  into  a  trench  and 
covering  them  with  water,  in  order  to  prevent leakage. A 
vacuum of 26 inches could always be obtained  with a reasonable 
water-supply,  if  the  tightness of the  joints of the  exhaust-pipes 
was  attended to. With regard to traction-work,  with  which  he 
was more particularly familiar,  he thought compound and  triple- 
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expansion  engines  were  out of the  question for  small  stations. Mr. Booth. 
Unless more than  sixty  or  seventy cars  were worked, a load-factor 
of not more than 42 per  cent.  was  obtained. By  the  term load- 
factor in  relation  to a traction-station  he  meant the  ratio of the mean 
load of the  station to the maximum load which was ever  shown  upon 
the ammeter. Up t o  sixty cars a load-factor of about 40 to  45 per 
cent. was  obtained. For such  load-factors it was necessary to  have 
a compound engine, of which  the low-pressure cylinder was about 
twice as  large as the  cylinder of a  simple  engine; so that by 
using a simple  engine  and  superheated  steam it would  be  possi- 
ble to do away  with  the  high-pressure cylinder. The  low-pressure 
cylinder  would be reduced  to  half its capacity, and  the one 
cylinder would just  carry  the maximum load which  was  ever 
allowed to come upon the  station,  without  losing speed. At  its 
mean load it would  be  running at  a  fairly economical point, 
whereas  the compound  engine of ordinary size was running con- 
siderably below its mean load. He was  inclined  to  think  that com- 
pound  engines,  especially  triple-expansion  engines,  were  quite  out 
of place in small  traction  installations-and  most  traction-stations 
were  comparatively small. The Germans  went in for triple 
expansion,  but, as a rule, continental  engineers  did  go in rather 
for  refinements. He presumed  the  Author’s allusion  to the 
question of drop-valves  did  not  refer  to  drop-valves of high- 
speed engines. I f  a  drop-valve  was used on a  high-speed, 
engine,  presumably  a  piston-valve  must  be used, to  run  past 
its  port  and  cut off. A drop-valve could not be  used 
on a  high-speed  engine  unless it was given  a  high speed, 
and  then it would  hammer  upon its seat and be exceedingly 
dificult to regulate.  With  regard to constant  thrust, as a  rule 
engineers  were apt t o  think  that  constant  thrust  meant  constant 
stress in  everything ; whereas  constant-thrust  engines  had reversed 
stresses in  the crank-shaft,  which  was the most important  part of 
an engine,  and the most liable t o  fail. With a constant-thrust 
engine, that was, a  single-acting  engine, it was necessary to  have 
the  crank-shaft at  least 50 per  cent. larger  in  diameter  than in a 
double-acting  engine of equal  power;  which  meant  having  very 
heavy crank-shafts. It would  be an advantage  if the  Author 
would indicate  what  he  really  meant  by “load-factor.” Many 
different  opinions  were  held as to what  the load-factor was; 
and  there  was no comparison between  the load-factor of a  light- 
ing-station and  that of a traction-station. He presumed that,  in 
a  lighting-station,  by load-factor most engineers  meant  the  ratio 
of the mean  power of the  station to its maximum load; but  in a 
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Mr. Booth. traction-station, as he  had  already  mentioned, it was the  ratio of 
the mean load to the maximum  load  which the  engines were  ever 
called  upon to  deal  with. 

Mr. Roun- Mr. H. M. ROUNTHWAITE thought  the Author’s remarks on 
thwaite. vibration  were  capable of conveying a meaning  rather beyond 

what  was  probably  intended. In  a three-crank  engine, if  the 
connecting-rods, piston-rods, pistons, etc., were of equal  weight, 
the  engine would  be  balanced to a certain  extent:  the  vertical 
forces due  to  the  reciprocating  parts would  be  balanced, and  the 
rotating  parts would be  balanced; but  the endwise tilting moments 
due  to  the  vertical forces would still remain,  and  would cause serious 
vibration.  Possibly the  Author  did not mean to  imply  that  such 
an engine  was  absolutely balanced.  Reference was also made in  
the Paper, in two places, to  the economy, or possible  economy, 
resulting from wire-drawing;  but  when the figures  were  carefully 
looked at, it became clear that  any  saving  due  to  this cause was 
so small as to  be  negligible. Taking  the difference  of pressure 
between 200 lbs. and 150 lbs. per  square  inch, that was, supposing 
the steam to be wire-drawn  to  the  extent of 60 lbs. per  square 
inch, the difference in  total  heat was  only  about 64 B.Th.U., and 
that was  only sufficient to dry steam of 2 per cent.  wetness to 
14 per cent.-an  effect which would be  scarcely  perceptible in  any 
test of the engine. With reference to  Table I. B., he noticed in  the 
fifth column  a point of some interest. He believed the figures 
were  not vouched for by the Author, but  they probably  gave a 
fair idea of the  state of things.  They showed that, of the  total 
plants in operation, 22.9 per  cent.  were low-speed, but of the 
plants in  progress, 48 2 per  cent.  were low-speed: which seemed to 
point to  the low-speed engine becoming  much more  fashionable. 

Mr. l lclareu. Mr. J O ~ N  MCLAREN remarked that whatever  might be the views 
of members as  to  the  merits of the Paper-and he  thought  there 
was room for difference of opinion-no one would deny the 
Author  credit for the  pains  he  had  taken in prepariag  it. 
Personally, he  regretted  that  the  Author  should  have confined 
himself so much to one type of engine. Notwithstanding  the 
general  character of the  title of the Paper,  most of the  data  applied 
to  a particular  engine;  although it must be  admitted that some 
little information  as  to  other  types of engine  was  also  included. 
He thought  the  value of the  Paper would have been greatly 
increased if it had  given more data as to  the relative efficiencies 
and  values of high-speed  engines, as compared with low-speed 
engines. In  his opinion, the high-speed engine  was of great 
value  for  small  units and small  installations; but be questioned 
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whether  engineers  had  not  practically  arrived at  the  limit of Mr. McLaren, 
power  for  which the high-speed engine could be omployed 
economically. The size of units  was  advancing  rapidly : 10 or 12 
years ago a 200-HP. plant  had been  regarded as  large,  and the 
data  which  the  Author  had  given  applied chiefly to  what were 
now comparatively  small  engines,  namely, of less than 1,000 HP. 
It appeared to  him  that  many so-called high-speed  engines were now 
misnamed,  because they  were  really enclosed  medium-speed engines. 
There were  practical difficulties, such  as the piston-speed, in  the 
way of working  large  engines at  high speeds. Notwithstanding 
the exceptional speeds which were shown  graphically in  Fig. l ,  
practical difficulties arose when the piston-speed was higher  than 
1,000 feet  per  minute ; so that  if  the piston-speed was  limited to 
that figure there  must  either be  a multiplicity of cylinders, or 
their  diameter  must be increased to an inconvenient  extent. He 
did  not see exactly wherein lay  the economy or the  advantage of 
high-speed engines-as the  term was a t  present understood-for 
large powers. Those  who knew  what could  be  done with economical 
engines would not for  a moment assert that  the results  given in  
Tables IT. A. and IX. A. were  deserving of special mention. The 
best of the results,  given, he thought, in  Table IX. A., showed 
21 98 lbs., or practically 22 lbs., of steam  per  kilowatt-hour;  and 
that had  been  obtained with  the  high combined efficiency of 87 3 
per  cent. In those  results  he  did  not see that  any steam had 
been  debited to  auxiliary  plant, such as air-pumps  and  circulating- 
pumps. In  any  tests  where  that  was  omitted  the figures  were 
misleading; because it was  absolutely necessary, in  order  to 
arrive  at a proper  estimate of the economy of a  steam-engine, 
that  all  the  auxiliary parts-the  steam-pumps, and  the power 
required  to  drive  the  auxiliary  gear,  such as circulating-pumps 
for condensers-should be  included. Perhaps  the  Author would 
say  what provision, if  any,  he  had made  for  that. But  the most 
interesting  point in  the  Paper had  merely  been  touched  upon : he 
referred to  the wear of piston-valves after a number of  years’ 
working.  The moment  a  piston-valve  began to work, it began also 
to wear ; and  that in time it would  practically cease to  be a valve 
a t  all,  and would become simply  an obstruction in  the steam-pipe. 
So far as it went, the Author’s information  was  interesting ; but  he 
presumed the experiment  had  been made in  the works of the manu- 
facturers of the engine,  who  naturally  would  not select for trial  the 
worst  they had. He did  not  suggest that  the figures  were what 
was  vulgarly  termed “ faked,” but it would be  interesting  to  have 
a trial made by a  competent authority on an engine with piston- 
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Mr. SIcLaren. valves, taken a t  random in some generating-station-an engine of 
700 HP. or 800 HP., which  had been a t  work 5 or 6 years  without 
alteration. He could not  agree  with  the Author’s conclusion that 
2 to 3 lbs. per  kilowatt-hour  represented the  saving  in steam-con- 
sumption on a low-speed engine, as compared with a high-speed en- 
gine;  although even if it did, the difference would be about  10  per 
cent. From  his own  experience, however, he would put  the  saving 
a t  not less than double that amount. With  regard  to  the  quan- 
tity of plant  which could be  got  into a given  station,  he  had no 
hesitation in saying  that  where  the space was  properly  utilized, 
as much power  could be  concentrated on a given  area  with low- 
speed as  with high-speed  engines.  Engine-builders  were €re- 
quently hampered by having  to  tender for plant  to fit a building 
which  had  already been  provided. Municipal  authorities often 
began at  the  wrong end ; they  built a large engine-house, and 
then said they  must  have a  10,000-kilowatt or a  20,000-kilowatt 
plant crowded into  it.  When  the engineer came to examine it, 
he found  valuable  space  under a powerful  crane  given up to 
auxiliary  machinery  such  as  condensing-plant,  or boiler-pumps- 
things  which could easily  be put  into a little  side  place;  and 
he was  required to design the engines so as  to  get  the maximum 
of power into  what  little space was  left,  after  such cumbrous 
things  as those had been  provided for. Another source of trouble 
was that electrical  engineers, when  designing  installations,  fre- 
quently  insisted  upon  having  what  were  regarded by practical 
engineers  as  abominations,  namely,  separate condensers. They 
placed the condenser a t  a greater or less distance  from the engine, 
and coupled it up  with  larger or smaller  pipes: the exhaust 
therefore frequently  had  to be carried  a  long  distance;  and  with 
a vacuum of perhaps 26 inches of mercury at  the condenser, 
there  might  be a  vacuum of only 11 inches at  the exhaust- 
flange of the engine. With  regard  to  Table XV., he  thought  the 
figures  were  unreliable as comparisons of the cost of running  high- 
speed and low-speed engines. They were based largely upon 
assumptions ; and in  a Paper of a  quasi-scientific  character, like 
that under discussion, there  should  be no assumptions  whatever. 
In his opinion, the ideal  engine  for  large  units,  say 1,000 kilowatts 
and upwards,  was an enclosed  medium-speed triple-expansion 
engine, with  suitably balanced slide-valves, in  which the friction 
was no greater  than  that of piston-valves; with forced lubrica- 
tion;  and  with a piston-speed not  exceeding 800 feet per  minute. 
Taking a 2-foot stroke as a minimum, that  meant a  maximum 
speed of about 200 revolutions  per  minute ; which he thought 
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was high  enough for  engines of 1,000 kilowatts  and  upwards.  If Mr. Mchren.  
any member passing  through Leeds cared to see such an engine of 
3,000 HP. at  work,  he  would  be pleased to show one any time. 
He would conclude by  giving  a few results  which  had been 
obtained  with  both  high-  and low-speed engines  manufactured  by 
the firm  with  which  he was associated. In the  South  Shields 
electric-lighting  station,  where  there were a  number of their open- 
type  triple-expansion  engines, one of them, coupled to a  Siemens 
alternator, consumed 20.19 lbs. of steam  per  kilowatt-hour;  that 
figure  included  the  steam  required or absorbed by  the  air-pump, 
because, the  engine  being  surface-condensing,  the condenser and 
air-pump were self-contained with  the  engine itself.  The combined 
efficiency was 85 per cent.,  which  was  very good. But  the  steam- 
pressure was comparatively low-only 160 lbs. per  square  inch.  At 
Swansea, a 450-HP.  open-type  triple-expansion  engine, coupled to a, 

Schuckert  dynamo,  showed 19.9 lbs. of steam per  kilowatt-hour) 
pumps  included. The combined efficiency  was 91 - 8  per cent., and 
the  steam-pressure 136 lbs.  per  square inch. Turning to high- 
speed  enclosed engines,  in  the  Harrogate station  there was a  triple- 
expansion  engine of 600 HP., coupled to  a Siemens alternator, 
which showed 21 -86 lbs. per  kilowatt-hour. In that instance 
the circulating-pumps  were  driven off the  engine,  although i t  
exhausted  into  a  separate  condenser;  but it worked at only 
130 lbs. per  square  inch  steam-pressure,  as compared with 180 lbs. 
which the Author  gave,  if  he  remembered  rightly, in the best of 
his results.  Those  steam-consumptions  had  all been measured 
at  full  load;  but  his  experience differed somewhat  from the 
Author’s, because neither a t  over-load nor at  half load did  the 
steam-consumption  increase  by more than  about 5 per  cent. 

with those  expressed by several of the  previous speakers. With 
them,  he  regretted  that  the  purview over which  circumstances  had 
permitted the  Author to give  references was too restricted. He 
thought,  however, that  that was  not the  fault of the  Author; 
for he himself had  been  invited  by  the  Author 18 months  ago 
to give  particulars of both compound and  triple-expansion  engines 
made by Messrs. Browett,  Lindley  and Co. A diagram of that 
firm’s engine  had been shown on the screen, and  had  been 
briefly dismissed-possibly because he  had  failed  through an 
oversight  to  give  particulars  which  he  had been courteously 
invited by  the Author to supply. He regretted  that fact the 
more  because the  results  obtained  by  his firm showed something 
of which no one need  be  ashamed  in  high-speed  engines,  either 

Mr. T. BROWETT remarked that  in many  respects his  views  agreed &fr. Browett. 
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M r. Browett. compound or triple-expansion. A small 300-I.HP. triple-expan- 
sion  engine showed 15.1 lbs. of steam  per  indicated horse-power- 
hour at  its most  economical load, 15.4 lbs. at  full load, and 15.5 
lbs. at half load, without  superheating. That was  the smallest 
triple-expansion  engine built  by  the firm. I n  larger  engines 
the consumption, even with saturated steam, was  slightly lower. 
A 500-HP. engine  gave  about 14-5 lbs.  per  indicated horse-power- 
hour. It was a pity  that he, and others also, had  failed to  give 
the Author  further  particulars, because in  a Paper of that kind, 
read before such a body as  the  Institution, i t  was expected that 
the  author would collect-as  Mr. Minshall  had  tried  to do-all 
the best  available  data,  and  then  prove  or  disprove  his case. With 
regard  to  governing,  promptness in  governing was affected by 
the fact that  in a high-speed  engine, running  at, say, 270 revo- 
lutions per minute for 1,000 HP., there were 540 units in every 
minute  which could be controlled by governing;  while in  a low- 
speed engine  running  at 90 revolutions  per  minute,  there  were 
only one-third  as  many  which could  possibly be controlled. The 
point  was that  the  total power of the  engine was built  up of a large 
number of impulses  per  minute. With  the nine-cylinder  three- 
crank engine, with  three high-pressure  cylinders, there were  twenty- 
seven impulses  per second which  could  be controlled. Given an 
automatic  expansion  which  immediately affected any one of them, 
it must be  obvious that for  momentary response a  high-speed 
engine  had  everything in  its favour. He  was not  sure  that  that 
particular point,  which he had made  some years  ago a t  Manchester, 
was  always remembered in  discussing the question of governing. 
He regretted that  in  many of the Author's  diagrams the  data 
were  given in  brake horse-power.  Most engineers at the present 
day connected engines  to  electrical  apparatus,  and the pur- 
chaser  expected  to  know the steam-consumption  per  kilowatt-hour. 
He had been unable  to get records exactly  similar  to those in  the 
Paper, because all  his  results were  expressed in  either electrical 
horse-power or  kilowatt-hours.  Consulting  engineers were  becom- 
ing keenly alive to  the fact that  their clients'  interests  were  best 
served by one standard of comparison only,  which was  neither  the 
indicated nor the brake horse-power. If  the result  was  wanted 
in terms of electrical energy it should  be got by the best possible 
brake,  namely, the dynamo : a machine  which, barring inaccuracies 
in  the reading-instruments, could not  tell  an  untruth. It was 
interesting to  have  recent  data in connection with superheating. 
No doubt  superheating would give a new lease of life to  the 
steam-engine;  and he thought  its  general convenience  would 
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prevent  the  steam-engine  from  being superseded by  anything Mr. Browett. 
in  the near  future.  Superheating  had come to  the rescue of all 
kinds of engines, and  ought  certainly  to prolong their  useful life. 
With regard to  the conditions  under  which  engines had  to work 
with superheated  steam,  little was  known  except by  the few 
who  had  experimented with  it. I t  had  been  pointed out  years  ago 
that superheated  steam  had  the  peculiarity that  i t  would  not 
even come through  the  leaky flange of a pipe as  saturated steam 
would. It was  clear that  an  engine  which was  able to work 
with superheated  steam  was  not  suitable  for  working with  satur- 
ated steam. There  must be some clearance  around the  valves; 
and if  an  engine designed  for  superheated  steam  were  fed with 
saturated steam, it became a most extravagant machine. He  had 
called the  attention of several people to  that  when  they  had 
stipulated  that  their  engines should  be built for working  with 
steam  superheated 150" F., and  yet be  tested, and  give the  guaran- 
teed  results, with  saturated steam-which was impossible. He 
thought  credit  was  due  to  the  Author for the  labour  he  had  spent 
i n  preparing  the Paper. After 25 years' experience, he  did  not 
believe that  results of engine-trials  were  ever  absolutely  true. He 
had been  pleased to hear of the marvellous  record of the engine 
which  had worked  for 5& years  and made 300 million  revolu- 
tions, and  yet  had been better at  the end of that time than 
when new. The cause of this  had been  explained  to some extent 
by Mr. Crawford : but  to  the  ordinary  mortal who believed  every- 
thing would wear out in  time-even high-speed engines-it  would 
seem probable that  an engine  would  not  be as  steam-tight  at  the 
end of that period as it had been at  the beginning. A small 
degree of superheat,  say 10 per  cent.,  would  probably  account 
for the whole difference. Although, of course, the position of 
those  who  had  made the  tests  was sufficient proof that  the  results 
were given in  good faith,  still  he doubted whether  such  results 
were  really possible. With regard to indicators, he  thought i f  
any one would design  a  perfect  indicator it would be  very welcome. 
His firm had  obtained 104 per  cent. of combined efficiency on tests, 
and had  found  out  the cause after a day  or two's trial. It was 
astounding how  easy it was, with every possible desire to  get  a't 
the  truth for self-guidance, to be  misled by some little  thing. I f  
such a  result  as 104 per  cent.  was  obtained, it was  concluded that 
something  was wrong;  but  when  the  result was  a little  better 
than  the  ordinary  result,  or  than  results  which  had previously 
been  obtained, the experimenter  was apt  to  say " This is the best 
obtained yet," and  to  publish it forthwith  in  all  the papers. 
[THE INST. C.E. VOL. CLI.] Q 
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Mr. Siemens. Mr. ALEXANDER SIEMENS observed that  he  had no marvellous 
results  to place before the members, and  he would ask  them 
to look at  the  Paper from  a  somewhat  different  point of view. 
The Author  was  suspected of a  predilection for high-speed 
engines, but  in  the  last of his  Tables  he showed that  the one 
kind  was  just  as good as  the other. It was  a  mistake  to think 
that one particular  kind of apparatus  must  be good in  every 
place, a t  every  time, and for  every purpose. Several  phases  had 
occurred in  electrical  engineering  when people had gone crazy 
about one particular  dynamo  or one particular engine, and  had 
wanted  to use it for all purposes ; any one who  urged that  the 
circumstances of the case should  be  taken  into account having 
been cried down as old-fashioned. He believed the  Paper  again 
proved the  truth of the old saying,  “circumstances  alter cases.” 
I f   an  engineer  had a central  station  to design, he should consider 
carefully  what  the load was, how i t  had  to be dealt  with,  and  what 
the  surrounding circumstances were. In  that respect he wished to 
protest  against the definition of ‘6 load-factor ” given  by Mr. Booth. 
He believed Colonel Crompton  had first used that expression, 
defining it as the  ratio between the  actual  output  in  kilowatts 
per  year, of a machine  or of a  station, and  the possible output  if 
the machine or  station  had been running  all  the  year round, 24 
hours  per  day, at   full  load. That was the load-factor as it had 
been understood hitherto,  and it would be a great  pity to alter  the 
definition of the term. He believed the Author, in his figures of 
12 per cent., 35 per cent., and 60 per  cent.,  meant  such  a load- 
factor : not  the  ratio of the average  output  to the maximum, but 
the  ratio of the  actual  output  during a given period-say 1 year 
-to the possible output if the  plant  had been running  at  full load 
all  the time. Prom  Table I. B. (p. 180) it appeared that, whereas 
of the  existing  plant 22.9 per  cent.  were low-speed engines, the 
plant  in course  of construction  included 48.2  per  cent. of low- 
speed  engines. He was not  sure  that  the inference  which  had 
been drawn from that  fact  by Mr. Rounthwaite  was correct. The 
Author’s  figures showed what a large  portion of the  total 
generating-machinery in existence  was installed in London, 
where,  owing to the exigencies of space, high-speed plant,  had 
been particularly  applicable  and  had been chiefly used: hence 
the large proportion of high-speed plant  in existence. The most 
recent  large  central  stations  had been erected in  the country, 
where  there  was  plenty of room-and also a good deal of prejudice 
in   bvour  of low-speed engines;  and  therefore more  low-speed 
engines had been put down of late. He thought i t   an  
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absolute  mistake  to  say  generally that  either low-speed or high- Mr. Siemens. 
speed engines  were the best. Each  kind  had  its  proper place, and 
each  would be found most economical when it was used in  the 
circumstances most suitable to it. 

by Mr. Siemens did  not  agree  with  the  definition  given in  Table XV. 
Mr. Siemens  had  spoken of the possible maximum load, but  he 
thought  the  Author  had used the maximum  load  as  representing 
the  actual  maximum  output. He had  always  thought  that  that 
was the  quantity  generally  taken  in  arriving  at  the  ratio desig- 
nated by  the  term " load-factor "-not the possible, but  the  actual 
maximum ; that was, in  his opinion, the  only  reliable maximum. 
He wished to  ask  the  Author  whether  there  were  any  instances 
where  a  load-factor of 60 per  cent. was obtained,  using  the defini- 
tion  given in  Table  XV. It was quite incredible to  him 
that  any combination of energy-supply  from  a  central  station  for 
general  purposes could have  such a high  annual load-factor as 
60 per cent., and it would  be  very  important  if that  statement 
could be substantiated. In Table XV. the  lighting load-factor 
was  given  as 12 per cent., the  traction as 35 per  cent., and  the 
lighting, power and  traction as 60 per  cent. Was  the 60 per 
cent. intended  to  apply  to  the  three combined, or  to  the power 
alone ? 4: Because, supposing the,  power  alone  represented 60 per 
cent., and  one-third of the  total capacity of the  station  was  used 
for power, one-third  for  traction  and  one-third for lighting,  the 
resulting load-factor  would not  be 60, but  about 35 per cent. 
The figures  required some explanation. 

obtaining  an efficiency of 104 per cent. He had  obtained 144 per 
cent. ! Naturally  he  had  at once looked for the cause, and as a 
mechanical  engineer  he  was  glad  to  say that it had  been  found on 
the electrical side. The indicators  had  been  tested also, and  had 
been  found  practically  right.  Unfortunately the  trial  had been 
proceeding  for some time before the error  was discovered, because 
it had  taken  a  certain  amount of time  to  run  out  the  diagrams, 
and  to see what  was  really going on. Mr. Booth had spoken of 
the possibility of obtaining  a  vacuum of 26 inches of mercury, 
and  had  stated that  electrical  engineers  were  often satisfied with 
15 inches. He thought it would  always be well  to  express the 
vacuum  as  a  percentage, because the  merit of a vacuum of, say, 
26 inches,  varied  according to  the  height of the barometer. With 
regard  to  jacket-steam,  he assumed that  the  Author's figures of 

Mr. E. B. ELLINGTON thought  the definition of load-factor given M,.. Ellington. 

Mr. DRUITT HALPIN remarked that Mr. Browett  had  mantioaed Mr. Halyin. 

Q 2  
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Mr. Halpin. 17 per  cent. and 20 per  cent.  were only approximate. On looking 
up  some figures he had  found that  in one case when  getting 1 6 i  
per  cent. through  the  jackets  the  total  water  per  indicated horse- 
power-hour on a very  small  engine  was 17 m47 lbs. When the 
proportion of jacketed  water  diminished  to 12.8 per  cent. the 
water rose to 18 58 lbs.  per  indicated horse-power-hour. He did 
not  agree  with  running steam through  the  jacket  and  then  into 
the steam-chest ; because if  the  jacket was doing its work the steam 
from it would  be  wet, and  wet steam  was  altogether  undesirable 
for the cylinder. The  Author also referred  to the  utility of 
running  the  steam  through  the  jackets,  and  thence  to a  donkey- 
engine  or  air-pump.  That, of course, was a different matter; for 
such  auxiliary machinery i t  was of no importance  what  kind of 
steam  was  used; those  machines could not be worse than  they 
were. The question  whether  jacketing  was  useful  or  not  must  be 
judged  rationally. In order to obtain any benefit  from it, certain 
conditions must be  fulfilled, one of the chief  being  time. In the 
transmission of heat,  time  was the most  essential  element ; and in  
small  high-speed  engines little benefit was  obtained from jacket- 
ing,  simply because there  was  not  time for the change of 
temperature  to  take place. Another  essential  condition  naturally 
was difference of temperature.  Where  steam  was used in  a high- 
pressure  cylinder throughout  the stroke-for instance, in  a 
steam-hammer or pump-the steam-jacket  was useless, because 
there  was no difference of temperature  and  there could be no 
transfer of heat. A further  important  factor in  the question 
was the  ratio of the area of the surfaces of the  jackets  and covers 
to  the volume of steam  dealt  with, because that  ratio  varied 
enormously. With  plain  jackets, a certain  amount of heat 
could  be  got through,  given time, difference of temperature,  and 
a  proper  relation of jacket-surface to  volume; but it could be 
increased greatly at  quite a  nominal  expense ; in  fact, three  times 
the  heat could be  got  through  by  the  simple old-fashioned  device 
of roughening the jacket all over. 

Mr. Morcom. &fr. ALFRED MORCOM remarked that  he  feared  the observations of 
some of the previous  speakers might  throw  doubt on the figures 
emanating from  Messrs. Belliss and Morcom. I t  had been known 
for many  years that  the indicator  was an absurd  instrument  to 
use on a high-speed  engine, and  the firm in question  never  trusted 
i t   a t  all, except as a means of determining  what  was  the  distri- 
bution of steam in the cylinders. AS for using it to  measure 
the steam-consumption,  or  basing anything  upon the indicated 
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horse-power, they  had  given  that  up 10 years ago. The  instru- Mr. Morcom. 
ment  which  was used in  the  trials of steam-engines a t  their works 
in Birmingham was the  Froude  brake;  and complete apparatus 
had been fitted  to  enable  brake  tests to be made up  to 1,250 HP. 
That  brake  had come under  the notice of many  consulting 
engineers, and the  only  remark  he  had  heard passed upon it, 
with  regard to  the possibility of its  giving  an incorrect  result, 
was that,  if i t  did so, it would tell  against  the engine-builder, and 
to  the  advantage of the customer. He  thought it might be taken 
that,  as  far  as  the figures based on brake horse-power were con- 
cerned-and there  were none  from his firm  expressed otherwise- 
they  were correct. At  the  other  end of the  engine  there  might 
easily  be an error  which  might  make  a  great difference in the 
recorded  efficiency. That was a question of the  quality of the 
steam put  into  the  engine,  and no doubt  many records, when 
compared, did  not  insist sufficiently on that point.  Not  only 
should the  temperature of the steam at  the engine  be  taken, but 
it should be observed in  such  a  way as to  ensure that  the  actual 
temperature  was obtained. Records were sometimes taken  with a 
thermometer stuck in  a mercury  pot  outside the steam-pipe, and 
more or less effectively lagged. In Messrs. Belliss and Morcom’s 
practice the temperature  inside the steam-pipe  was taken;  and 
although a bare  thermometer  could  not be  used, the method they 
adopted ensured a close approximation  to the condition of a 
bare  thermometer, and gave  results as  nearly correct as they 
could be  obtained. In earlier  days the fact that temperature 
records might  vary so seriously  had  not  been taken  into account. 
Again,  thermometers  placed  only  a foot or  two  apart on one side 
or  other of the separator showed a great difference, and records 
of superheated  steam so obtained would not  be  useful  for com- 
parison. Given the temperature of the steam a t  which the 
engine  was working-and that  the engineer  required to know 
because he specified what  he  wanted  to  have  as  his working-fluid 
-and the records taken  by a Froude brake, any one could, with 
the  usual  water-measuring  apparatus,  obtain  results as  nearly 
correct as it was  necessary  to  have them. It seemed to  be thought 
that  the  Paper referred rather too much  to  a  particular  engine, 
but  that was  not  unnatural. In  the  first place, with  the excep- 
tion of the well-known  single-acting  Willans  engine, the Belliss 
double-acting  self-lubricating  engine  had  been in the field long 
before any other. The more or less faithful copies of it by other 
makers  might possibly  show  results  as god,  but  the experience of 
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Mr. Morcom. i ts  makers  ought  to  count  for  something. They  had  two  thousand 
engines at  work in  the world, of all  sorts  and sizes, and  under  all 
circumstances ; and,  if  properly  taken, the  results  obtainable  from 
them  ought to be worth more than  the results  obtained  by  others 
with  much less experience. The Author  had  not  said  quite  as 
much  for  the Belliss engine as he  might  have done : he  had  been 
studiously  impartial,  and  in  placing  the facts and figures before 
the  Institution  had  acted much as  a  judge  would  act  towards  a 
jury. He had no doubt that  the high-speed  engine  was  the  best 
kind of engine.  The  output of high-speed  engines  was now far  in 
excess of the  production of low-speed engines  for  electric-lighting 
or power  work, and for good  reasons. The point  to be decided 
was  whether  the  high-speed  self-lubricating  engine or the  Willans 
high-speed  engine, or any  engine of the kind,  was  not capable of 
doing  all  that  a low-speed engine could do. He had been driving 
engines of all  kinds for the  last 25 or 30 years. He had been 
shipmates  with  horizontal engines,  much to his sorrow. He 
had  driven  high-speed  vertical  marine engines-wherein the .  
speed obtained  was  much  higher  than  in  any  engines  put  into 
electric-lighting stations-in torpedo-boat-destroyers, or in  other 
boats of that description. The horizontal  engine  was  not  able, 
for  many reasons, to  hold its own against  the  vertical  engine 
running  quickly. It was  impossible to  get over the  fact  that 
the effect of gravity  told  against  the  horizontal  engine,  and  that 
the whole of the  running  parts  must wear, not in  an all-round 
way,  but  in one particular direction. The wear  might be takenup 
in cod pieces and  in a variety of ways, but it occurred, and it was 
bound  to  tell.  There  must be more  friction than  in  the self- 
lubricating  engine,  which would tell  far more on the  brake horse- 
power a t  low  loads  than it would  with a Belliss engine of the most 
recent  type. Mr. McLaren  had put a limit to the possible power of 
high-speed  engines. He did  not  know  whether Mr. McLaren  meant 
to  suggest  that  to  go beyond, say, 1,000 HP. was to  try to make a 
high-speed  engine do something  for  which it was not  fitted; but, 
if so, the  suggestion was not correct. Any one who  had had  his 
experience of running  torpedo-boat-destroyer  engines of up to 
about 2,500 HP., with a piston-speed of about 1,250 feet  per 
minute,  with  foundation-plate scantlings of about & inch, and 
angle-bars in  proportion,  and  had seen how well  such  engines 
could run, although they were not self-lubricated,  would know 
that  there  was  a possibility of running Belliss  comparatively 
low-speed engines, self-lubricated, of much higher powers than 
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those used at  the present  time. Mr. McLaren  had done the Belliss Mr. 3lorcom. 
engine  the  compliment of putting  a self-lubricating  arrangement 
in an enclosed casing  into  the  engine  he  had  invited  the members 
to inspect. I t  was similar, so far  as  its  outward  appearance 
went,  to  that of Messrs. Belliss and Morcom. They had an engine 
of 2,000 HP.  working  alongside Mr. McLaren’s  engine,  doing the 
same  duty,  as  far  as Mr.  Morcom knew, with  the  same size of 
alternator. If those who went to  inspect Mr. McLaren’s engine 
would look at  the other  engine at  the same  time, it would  disperse 
the  doubt %fr. McLaren seemed to  suggest  as  to  the possibility of 
running  the  engine  up to 2,000 HP. It was running more slowly 
than Mr. Morcom wanted it to  run,  but  that was not his fault. 
His firm had been insisting for many  years that dynamos ought 
to  be made  capable of running faster. In  the  instance  he referred 
t o  an  alternator was concerned, and, of course, that  argument  did 
not  apply ; but  at  all events it was  not  his  wish  that  the  engine 
should be run  at  200 revolutions.  When a torpedo-boat-destroyer’s 
engines  would run for 6 hours-and if they  ran for 6 hours  they 
would run for 6 years if  they  were  self-lubricated-at 420 revolu- 
tions  per  minute,  developing 2,750 HP., there was no reason 
whatever  to  anticipate that  a 2,000-HP. self-lubricated  engine 
would not do easily all  that was claimed for it.  The 200 revolu- 
tions  per  minute  were  tho dynamo-maker’s or the  station- 
authorities’  requirement, and not that of his  firm;  they  wanted 
the engine to  run a t  250 revolutions or more, and  were.  quite 
sure it could work  well at   that  speed. Hr. McLaren thought 
it was a pity  that  large space should  be devoted to the  separate 
auxiliary  plant,  and  wanted it removed. He presumed the 
condenser  was  not t o  be removed, because that would  mean a 
considerable loss on  account of the  back-pressure  thrown on the 
engine. If  the  engine  were  designed so that it should work a t  
the required  power in  the best  way, he  thought it should  certainly 
be  worked without  pumps of any sort. On torpedo-boat-destroyers 
the  air-pump was  always run  at 420 revolutions  per  minute,  and 
did  its  work  fairly  well;  but  when  such  things  were  attached 
to engines which  had to be  driven a t  quarter- or half-power, 
they caused a  dead loss, and  were  a  nuisance. In   the other 
case the benefit of not  having  those accessories was  realized 
in increased  simplicity  and  endurance,  and improved efficiency 
was  obtained  as a consequence. The Author  had been  too careful 
of his deductions  from  the  trials of Belliss  engines ; but  any one 
who  knew  the  way  in  which  he  investigated such things would 
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Mr. Morcom. know that  any figure he  put down  was, as far  as  he knew, 
absolutely correct. With  the whole of the facts before him, 
however, the  Author  might  have  stated  at  the  end of the  Paper 
that  the high-speed  self-lubricating  engine  was  a  better  engine 
than  the low-speed engine  for  electric-lighting, power or  traction 
work. Reference had been made to  the  way  in which  the practice 
of superheating  had progressed. There  was no doubt  tliat  super- 
heating  was coming forward. Mr. Crawford  had already  referred 
to  the  result  recently  obtained by Messrs. Belliss  and Morcom 
on a triple-expansion  engine, and recorded in  the accompanying 
Table,  showing in one  case a steam-consumption of 1 7 . 2  lbs. per 
kilowatt-hour with a  machine of tolerably  small size. That was 
a result  worth  striving  for;  and  with  the comparatively  small 
self-lubricating  engine of the vertical  type  there  was a far  better 
chance of using  superheated  steam effectively without  the  wearing 
out of the  working  parts  than  there was with  the horizontal 
or any  other  large engine.  Messrs. Belliss and Morcom had  had 
a large  number of compound and triple-expansion  engines run- 
ning for many  years  under  moderate  superheat (namely, up  to 
about 500' F.], and  the  results  had been highly satisfactory. 
The economy was  improved to  the  extent of about 13 per  cent. 
for  every 10" E. of superheat;  and  with  care in  the design of 
the engine and  fittings no serious  trouble  had been experienced 
with  the cylinders  or slides, or the  gland-packing.  Doubt  had also 
been expressed as to the correctness of the results of the examination 
of an engine  returned from  Croydon to  the works of Messrs. Belliss 
and Morcom for  alteration, but there  was  nothing  exceptional in 
the figures in the  Table  when,  as in  the case in  question, the 
oil  had been kept clean, and  the  station  had been carefully worked. 
I n  fact, all experience in  this direction  had  gone  to  establish the 
claim that  the Belliss  system of  forced lubrication  was  able to 
prevent  wear  absolutely  in  the  journals of a quick-revolution 
engine. This  point  had been brought home often, and in 
convincing ways, to users of horizontal  steam-engines  or  gas- 
engines  who  had  tried  self-lubricating  machinery;  but, in order 
to aseign a  monetary  value  to it, a  careful  calculation  would  have 
t o  be made  of the losses due to wear and  tear,  and  to stoppages 
for  adjustment.  These  were assessed by different people in  
different  ways ; but on the whole there was no doubt that  the  high- 
speed self-lubricating  engine  would  always  have  a  value of its own 
in stations  where the machinery  was  required to work quietly  and 
continuously for long periods, and where the proper  value was put 
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TABULATED WATEB-CONSUMPTION TEST T. ENGINES. Mr. Morcaa. 

1 668 Dynamo Engine T/5, at 380 Revolutions per Minute. - l 29 aud 30 August, 1902. 

Actual pressure at engine . . 
Vacuum at engine . . Inches 
Mean kilowatts . . . . . 
Consumption per kilowatt-hour 
Temperature F. . . . . . 
Efficiency . Per cent. E.HP. 

I.HP. 

Actual pressure at engine . 
Vacuum at  engine  Inches 
Mean kilowatts . . . . 
Conaumption  per kilowatt-hr 
Temperature F. . . . . 
Efficiency :g5 Per cent. 

4 Load. 

79 
25-9 
135 

23.15 
4530 

82.5 

Load. 
39 

26 .2  
63.3 
28.6 
424O 

72.8 

25 Sept. Sept. 
1902. 1 1902. ~- 
Load.  Load. 
Full Full 

147 

255 261 
25.5  26 

140 

20.36 
54G0 499.8' 
18.4 . 

87 1 8G.5 ____- ____- - 

380 Revolutions per Minute, 360 Bevolntiona per Minute, 
1698 Dynamo Engine T/5, ~ 1473 Dynamo  Engine T/7, 

24 October, 1902. ' 2 December, 1902. 

Load. 
Full 

166 
26 

220 
23.5 
3730 

38-8 

on the cost of stoppages  required  for  cleaning,  repairing, or 
adjusting  the  parts. It would  be  noted that  the efficiency  of the 
engine  had  really  improved  considerably  during the 5 years' 
running,  owing  to  the  reduction of friction, and  the economical 
performance  was quite  as good as  when the engine  had  left the 
works in  the first instance. 

criticized for referring more particularly  to one kind of engine. 
The reasons for this were the following. The makers of the Belliss 
engine  had devoted more attention  to  experimental work than  any 
other  builders  except Messrs. Willans  and Robinson;  excellent 
facilities  existed at  their works for  making  tests; and, further, 
he had been in  a position to have a t  his disposal for experimental 
work more plant of this  kind  than of any other. At  the eame time, 

The AUTHOR, in  reply, observed that  the  Paper  had been The Author. 
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The Author. ample  opportunities  had been given  to  all  other makers to  furnish 
such  data as they possessed, long before the submission of the  Paper 
to  the  Institution;  but  the response had  been very meagre. The 
results  obtained with Belliss  engines  might  be  taken  as applicable 
to  other  double-acting  engines  with forced lubrication. With 
regard  to  the criticism by Mr. McLsren that  the  Paper  did  not 
contain sufficient data of low-speed plant,  the omission had 
been  purposely  made in the hope that such  data would be 
supplied in  the discussion. With  regard  to Mr.  Allen’s remarks, 
it was  true  that Messrs. Allen in  the  early days  had done a good 

. deal  towards  developing forced lubrication,  and at   the present time 
were building  satisfactory  engines of this class. The efficiency 
results of the Reavell  single-acting  engines  were  very good 
considering their small size. Those given in  the  Paper had been 
the  only  results available. The figures  given by Mr.  Crawford 
and Mr.  Morcom as the  result of a test  with a high degree of 
superheat were  remarkable,  being far lower than  anything  which 
had  ever come under the Author’s notice. Mr. Booth  doubted the 
efficiency of 96.3  per  cent.  obtained by Dr. Eennedy,  but  the 
Author  had  every reason to believe that  this was  by no means 
unusual,  having  himself  obtained a result  within 0.5 per cent. of 
this on new engines. The  suggestion  to  supply  the  jacket  with 
steam at a higher pressure from an independent  boiler  did  not 
appear  to  have any advantages  over the  supply of the same 
quantity of heat by means of a  superheater. With regard  to  the 
criticisms of the  term “load-factor ” raised by the same  speaker 
and  by Mr.  Siemens, the definition used throughout  the  Paper was 
that  stated  in  Table XV. (p. ZOS), the maximum  being taken  to 
mean the maximum observed load. As to  the question of steam 
used  for  air-pumps,  raised by Mr. McLaren, this had been 
specifically  referred to a t  p. 167, and  as  there  stated  this steam 
has been  allowed  for i n  Table XV. The figures showing the 
results of wear  were  not,  as  this speaker  imagined, a t   a l l  excep- 
tional, the two  engines  mentioned in  the  Paper  being  two  which 
had  happened  to  be  returned  to  Birmingham  for  alteration. The 
remarks of Mr. Siemens with  regard to the effect of load-factor 
and the choice of engine  agreed with  the Author’s own con- 
clusions : it was impossible to decide the  relative  advantages of 
the  two  types unless this was  taken  into account. I n  reply  to 
Mr. Ellington’s  question  about the load-factor, it might be  stated 
that  the figures given in  Table XV. were  obtained  from actual 
examples : there were  numerous private  plants in this  country 
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with  a load-factor of 60 per cent. The confusion in  the definition The Author. 
of load-factor” arose from the fact that it was  calculated in two 
distinct  ways,  the  plant load-factor being  the  ratio of the  actual 
output  to  the maximum possible output of the  plant  running 
continuously ; while  the  running load-factor  was the  ratio of the 
actual  output  to  the  output  obtainable  if  the maximum actually 
observed were  maintained  continuously. Mr. Morcom’s argument 
in favour of independent  condensing-plant  was based upon  the 
necessity of running  engines at  light loads. This  applied  particu- 
larly  in  lighting-stations ; but  in power-stations, with  the  better 
load-factor  coming into use, it did  not  carry  the same weight. 

Correspondence. 
Ur.  NOEL CHANDLER remarked,  in-reference to Table XIV. (p.205), Mr. Chandler. 

that,  with  the object of ascertaining  whether forced lubrication 
could improve the efficiency of single-acting  engines,  he  had 
experimented with a 200-B.HP. two-crank  engine,  having oil 
supplied a t  a  pressure of 15 lbs.  per  square inch  to  the  bearings 
and connecting-rods, both  top  and bottom. Many  sets of indicator- 
diagrams  had been taken, both  with  and  without forced lubrica- 
tion ; but  owing  tc’the  very-small  variation  in power-which had 
sometimes been contradictory-it  had  not been possible to arrive 
at  any  reliable data. A more  accurate  test  had  then  been  resorted 
to,  namely,  slowing  down the engine  to 200 revolutions per minute 
by the stop-valve,  and noting  the  changes in speed due  to  the  put- 
ting on and off of the oil  under pressure. The  engine  had  thus 
been  supplied  with  a  constant  quantity of steam,  and  had ex- 
hausted  into  the  atmosphere,  thus  eliminating  the possibility of a 
change of vacuum  affecting the power. No change in  the speed 
of the  engine  had  been  detectable  under  these  conditions ; and 
thus  the  test bore out  a  statement made by Mr.  Morcom, that  the 
shaft  must move in  its bearings in  order  to  allow sufficient oil  to 
get between  the surfaces to form  a cushion. Seeing how difficult 
it was to obtain even approximately  reliable  results  from  indica- 
tor-diagrams, it might  have  been  better  if  this method had been 
employed by  the  Author of the Paper, not instead of, but in ad- 
dition to, the indicator-diagrams ; the increase in power and speed 
of the  engine  could then have  been  arrived a t  more accurately. 
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